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Abstract: As today’s communication devices are becoming smaller in size, they need antennas also of small size 
which are capable of providing higher performance. Modern telecommunication systems need antennas with 
wider bandwidth, multiband support, low cost and conventionally smaller design dimensions for commercial as 
well as military applications. This ever increasing demand of small, multiband antennas for use in today’s 
communication  devices  has  directed  the  researchers  towards  more  advanced  antenna  designs.  One  such 
antenna design is Fractal Antenna designFractal Antennas are the antennas which are designed using the 
properties and characteristics of the fractal geometries existing in nature. 
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I.  INTRODUCTION 
As we know antenna size and operating wavelength are related such that, when the size of an antenna is made 
much  smaller  than  the  operating  wavelength  or  less  than  one  fourth  of  the  operating  wavelength  (λ/4),  it 
becomes highly inefficient. Its radiation resistance, gain, bandwidth decreases and antenna size increases. With 
decrease in radiation resistance, the reactive energy stored in the antenna neighborhood rapidly increases which 
make it difficult for small antennas to match to the feeding circuit. And when matched, they result in high value 
of quality factor ’Q’, i.e. a very narrow bandwidth. So a new approach to antenna design was called for. One 
such field of advanced antenna design is Fractal Antennas. The concept of fractal antenna came from fractals 
existing in nature [1][4]. Fractal antennas are designed using fractal geometries which show properties like self-
similarity, space filling, and complexity in their structure. B.B.Mandelbrot described a family of complex shapes 
that possess an inherent  self-similarity or self- affinity in their  geometrical structure [1]. The original  idea 
behind the development of fractal geometry came largely from an in-depth study of the patterns existing in 
nature. Patterns existing in nature, show self-similarity and space filling properties. These properties of fractal 
designs are utilized in fractal antenna designing for achieving wideband/multiband behavior.In this paper fractal 
antenna is designed using triangular Koch curve and Sierpinski gasket fractal geometries. In this two designs of 
fractal antennas have been studied. The designs are simulated using 4NEC2 software. The simulation results 
show that the Triangular KOCH Curve Design when given iteration two times it shows multiband behaviour 
whereas the Serpinski gaskets design not. Also the Koch Fractal technique that has been applied to the antenna 
structure reduces the length of the elements making it suitable for small wireless devices.  
 
II.  FRACTAL ANTENNA 
A fractal antenna is an antenna that is designed taking into consideration the nature of fractal designs existing 
in nature like clouds, vegetables like cauliflower and broccoli, lightning thunderbolts, animal patterns etc. From 
engineering point of view “a fractal antenna is an antenna that uses a fractal, self similar design to maximize the 
length, or increase the perimeter, of material that can receive or transmit electromagnetic radiation within given 
total surface area or volume” [2][4]. Such fractal antennas are also referred to as multilevel and space filling 
curves, but the key aspect lies in their repetition of a motif over two or more scale sizes, or iterations. For this 
reason,  fractal  antennas  are  very  compact,  multiband  or  wideband,  and  have  useful  applications  in  cellular 
telephone and microwave communications [3]. 
 
A.  Types of fractal Antenna 
The geometry of the fractal antenna encourages its study both as a multiband solution and also as a small 
(physical size) antenna. There are many types of fractal antennas available similar to conventional antennas like 
Koch Fractal antenna,Sierpinski gasket, Fractal loop antenna,Cantor Slot Patchetc.These have been given names 
according to the names of scientists who discovered their fractal shapes. In this paper the main focus is on the 
Koch Curve and Sierpinski fractal antenna designs. 
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B.  Triangular Koch Curve and Sierpinski Gasket Fractal antenna geometries 
The Koch curve is the limiting curve obtained by applying this construction an infinite number of times. The 
von Koch fractal grows by a factor of 4 to 3, giving a fractal similarity dimension of about 1.26 (log 4 / log 3). 
The fractal dipole antenna is designed using triangular Koch Curve fractal geometry. A Triangular Koch curve 
is generated by replacing the middle third section of straight wire with a bent section of wire of triangular shape 
that covers the original middle third section. The resulting structure then grows in length by 4/3[5] [7] [13].    
 
 
Figure 1 Two iteration stages of Triangular Koch Curve fractal geometry 
 
 
The Sierpinski gasket design is named after the polish mathematician Sierpinski. He described the properties of 
this fractal design in 1916 [6]. The design is obtained by subtracting the central part of the main triangle with an 
inverted triangle. After the subtraction, threeequal triangles remain on the structure, each one being halfof the 
size of the original one. Iterating the samesubtraction procedure on the remaining triangles infinite number of 
times, the idealfractal Sierpinski gasket is obtained [12]. 
 
Figure 2 Two iteration stages ofofSierpinski Gasket 
 
 
III.  ANALYSIS OF DESIGNED TRIANGULAR KOCH CURVE AND SIERPINSKI GASKET 
FRACTAL ANTENNA 
In this paper two Koch Curve and Sierpinski fractal antenna geometries are designed and analyzed at operating 
frequencies 400 MHz and 800MHz. In this, the Fractal antenna has been designed using method of moment 
simulation code (NEC) for simulating and analyzing the performance. In this work analysis of VSWR, reflection 
coefficient and resonant frequency characteristics of the designed antenna has been done in XZ- plane. NEC 
(Numerical Electric Code) is a simulation method for wire antennas, developed by the Lawrence Livermore 
Laboratory in 1981[11]. 
 
A.  Koch Curve fractal antenna: 
The fractal dipole antenna is designed using triangular Koch Curve fractal geometry. The antenna is designed in 
XZ plane with design frequency equal to 400MHz and 800MHz. 
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Figure 3   Designed Koch Curve fractal antenna 
 
 
 
 The antenna designed at operating frequency 400MHz resonates at two frequencies thus showing multiband 
behavior after 2
nd iteration.  
 The antenna designed at operating frequency 800MHz resonates at two frequencies thus showing multiband 
behavior after 2
nd iteration. 
 
B.  Sierpinski Gasket fractal geometry 
The fractal antenna is designed using Sierpinski Gasket fractal geometry in loops. The antenna is designed in 
XZ plane with design frequency equal to 400MHz and 800MHz. 
 
Figure 4 Designed Sierpinski Gasket fractal antenna 
 
 
 
 
  The antenna designed at operating frequency 400MHz doesn’t show multiband behavior after 2
nd iteration. 
  The antenna designed at operating frequency 800MHz doesn’t show multiband behavior after 2
nd iteration. 
 
IV.  RESULTS AND DISCUSSION 
As we can see from the simulation results that first design i.e. Triangular Koch Curve is showing good results in 
comparison to the second design i.eSierpinski gasket at both the frequencies (i) 400MHz (ii) 800MHz in terms of 
tested parameters. Also it is observed that the Triangular Koch curve geometry is showing multiband behavior 
while the Serpinski Gasket geometry is resonating at single frequency for the tested frequencies. The results show 
that the Koch fractal antenna for iteration 2 operates at two resonant frequencies of 600MHz and 2200MHz in 
first case. And in second case the Koch Fractal Antenna resonates at frequencies of 1000MHz and 3000MHz. At 
these frequencies the designed antennas have VSWR < 2 and Reflection Coefficient < -9.54dB. Whereas the 
Sierpinski gasket design for iteration 2 is resonating at single frequency 700MHz in first case. And in second case 
also it is resonating at single frequency 1100MHz. Also the Sierpinski design is showing decrease in reflection 
coefficient and gain values after iterations. At these frequencies the designed antennas have VSWR < 2 and 
Reflection Coefficient < -9.54dB(parameters defined for practical antennas [3] [10]). The calculated results are 
shown in Table I and table II below. 
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Table I Koch Curve Antenna designed at operating frequency 400MHz and 800MHz 
 
  Results 
Design  Koch Curve Antenna 
Operating frequency  400MHz 
 
800MHz 
Parameter  Iteration0  Iteration1  Iteration 2  Iteration0  Iteration1  Iteratio2 
VSWR   1.66   1.178   1.61   1.84  1.66 
 
1.474 
 
1.59  1.56 
Reflection Coefficient  -12.06  -21.741 
 
-12.62  -10.577 
 
-12.01 
 
-14.348 
 
-12.77  -13.18 
 
Resonant  
Frequency(MHz) 
400  500 
 
600  2200  900 
 
1000 
 
1000  3000 
 
Table II Sierpinski gasket Antenna designed at operating frequency 400MHzand 800MHz 
 
  Results 
Design  Sierpinski gasket Antenna 
Operating frequency  400MHz 
 
800MHz 
Parameter  Iteration 0  Iteration 1  Iteration 2  Iteration 0  Iteration 1  Iteration 2 
VSWR  2.86  1.22  1.6  2.86  1.73   1.65 
Reflection Coefficient  -6.32  -19.77  -12.7  -6.32  -11.441  -12.15 
Resonant  
Frequency(MHz) 
1500  800   700  1500  1600   1100 
 
 
V.  CONCLUSION 
The designs are simulated using 4NEC2 software. With the help of software the processing time is minimized 
for calculation and simulation of designs. From simulation results it has been concluded that the Triangular 
Koch Curve antenna geometry shows multiband behavior thus it can be used as multiband antenna while the 
Sierpinski  gasket  design,  after  iteration  resonates  at  single  frequency.The  designed  Triangular  Koch  Curve 
antenna is small in size thus can be used in small wireless communication devices. The Koch Fractal technique 
that has been applied to the antenna structure reduces the length of the elements.The Triangular Koch Curve 
antenna  for  iteration  2  operates  at  two  resonant  frequencies  of  600MHz  and  2200MHz  in  first  case.  The 
Triangular Koch Curve antenna for iteration 2 operates at two resonant frequencies of 1000MHz and 3000MHz 
in  second  case.  These  frequencies  are  suitable  for  GSM,  UMTS  and  Bluetooth  applications[6].  Thus  this 
particular antenna design can be used for fabricating an antenna that can support GSM, UMTS and Bluetooth 
services. 
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